isoforms and are they pathogenic? In addition to subcellular localization, it was recently demonstrated that PSEN2 expression is regulated by the transcriptional repressor REST (Lu et al., 2014). The loss of REST in early AD was accompanied by derepression of PSEN2 expression, resulting in elevated PSEN2 mRNA and protein in affected neurons of the AD brain. This raises the intriguing possibility that elevated PSEN2 activity may result in increased intracellular Ab42 in sporadic late-onset AD, as well as in FAD. These findings also raise the question of whether strategies to remove extracellular Ab, such as the amyloid vaccines, would have any effect on intracellular Ab42 generated by PSEN2. Although PSEN2 has been a poor stepchild to PSEN1, with only a handful of FAD mutations and seeming to play a minor role in Ab production, it may be offering tantalizing clues to mechanisms with wider implications for the late-onset form of AD that affects tens of millions worldwide.
Plant actuators move organs, allowing the plant to respond to environmental cues or perform other mechanical tasks. In Cardamine hursuta the dispersal of seeds is accomplished by explosive opening of the fruit. The biomechanical mechanism relies on a complex interplay between turgor regulation and cell wall mechanical properties.
Plants do not have motor-protein-based muscle tissue that can be used to serve as actuator effecting movement at the organ level. However, despite their sessile lifestyle, plants have multiple needs for motion. Movements in plants have diverse functions ranging from optimization of photosynthesis by active orientation of organs for optimal sun exposure, to the capture of insects by carnivorous leaves. Movement is therefore a crucial component of the plants' behavioral toolset enabling them to respond to environmental stimuli. In this issue of Cell, Hofhuis et al. (2016) characterize the sophisticated biomechanical mechanism that allows the fruits of certain species in the Brassicaceae family to efficiently eject their seeds and to drop them at a significant distance from the parent plant.
Movement in plants occurs at a wide range of length scales, ranging from intracellular motion of organelles to the opening and closing of stomatal guard cells and the folding of leaves or turning of flower heads. Similarly, the timescales over which movement occurs vary significantly between milliseconds and days. Plant movements can be as subtle and slow as the winding of a tendril around an object and as rapid and dramatic as the venus fly trap closing its predatory leaf around an unsuspecting insect.
While the subcellular organelle movement in plant cells is motor-protein driven, any movements occurring at cell, tissue or organ scales have to rely on entirely different mechanisms. The reason why motor-protein-mediated movement does not operate at these length scales is the thin but stiff polysaccharidic layer, the cell wall, that envelopes plant cells and prevents the translation of protein-based forces from the cytoplasm to the outside. Instead, cell and organ movements in plants are typically accomplished by exploiting the forces generated by movement of water.
The mechanisms accomplishing the movements of plant organs can involve any combination of three fundamental processes: irreversible tissue growth, reversible turgor-regulated changes in tissue tension, and differential shrinkage through tissue drying (Figure 1 ). Amplification or acceleration of movements can be achieved through the implementation of mechanical instabilities and/or the sudden release of slowly established pretension (Dumais and Forterre, 2012) .
Growth driven movement is the slowest among the motion processes in plants. The speed is limited by the processes that drive tissue growth-cell division and cellular expansive growth. The latter requires the influx of water and assembly of new cell wall. Examples for growth driven movement are the phototropic and geotropic movements of the shoot and root that ensure that the plant directs the elongation of its organs in relation to these vectorial environmental cues. Such growth driven movement is typically visible over the time frame of hours or days. Another slow organ movement is the nutational turning of vines in search for a mechanical support. This motion is driven by asymmetrical expansion patterns and allows the elongating shoot to swing around until it touches and eventually clings to an object. Whether or not the motion is driven by irreversible growth, reversible turgor-driven tension or a combination of both differs between species (Stolarz, 2009 ).
Turgor driven movement involves the reversible influx of water across the plasma membrane from the extracellular space or neighboring cells along osmotic gradients. The resulting turgor pressure is a hydrostatic pressure that generates tension in the cell wall. Its magnitude is typically in the range of hundreds of kiloPascals. Turgor-based movements can therefore be compared to the structural and motion forces generated by a hydroskeleton. Since cell wall synthesis is not required, turgor-controlled movement can occur faster than cell growth. The movement consists of moderate changes in the cell volume that occur within the elastic range of cell wall deformation. These small changes can be amplified at the organ level by strategically placed architectural features and spatial arrangement of the structural properties of the cell, tissue, or organ. An example is the folding of the mimosa leaf upon touch. The motion occurs by swelling or relaxing of a small tissue region called pulvinus, which connects the base of each leaflet to the rachis, the central axis of the leaf. The differential osmotic swelling and shrinking on opposite sides of the pulvinus act as a lever to effect and amplify the leaf's angular motion (Hill and Findlay, 1981) . The speed-limiting factor of turgor-driven movement is that of the water movement across cell membranes inside living tissues.
Motion in plant organs can also be accomplished by water movement within dead tissues. When fully differentiated, plant sclerenchyma tissue consists essentially of the reticulate structure formed by the cell walls while the cellular cytoplasm, cell membranes and turgor are lost. Because of the hygroscopic nature of most cell walls, the degree of humidity of the surrounding air can cause significant changes in tissue volume. Depending on the local material properties of the cell walls and the arrangement and shapes of cells in a tissue, a change in hydration can translate into organ movement as is the case for the opening of the scales in a pine cone (Dawson et al., 1997) or the pericarp in seed pods (Armon et al., 2011) .
Even if they are driven by osmotic or humidity gradients, water movements across cell membranes or within the cell (C) The cell walls of scerenchymatic tissue swell or shrink depending on the humidity of the environment. In the presence of anisotropic reinforcement in the walls (cellulose microfibrils), the partial swilling of an organ can effect movement as is the case of opening scales in the pine cone.
wall occur by diffusion. This mechanism is efficient but not rapid enough to explain phenomena in the plant kingdom that occur at the scale of milliseconds. Extremely rapid movements in plants are therefore generally explained by a water flow that slowly stores elastic energy in the tissue while being prevented from being released by some energy barrier. Above a critical threshold, the barrier is overcome, allowing the sudden release of the elastic stress. Since the motion itself does not involve water movement, its speed is essentially limited by the speed of elastic waves in the tissue material . Such a mechanical strategy is the basis of the snapping of the bladderwort suction trap (Vincent et al., 2011) and the rapid closing of the Venus fly trap (Forterre et al., 2005) . Modeling has aided in identifying that a snapbuckling instability analogous to the buckling of an elastic shell is involved in these movements.
One of the most dramatic motions in the plant kingdom is the violent and rapid expulsion of seeds from fruit valves. This behavior is crucial for the propagation of a species in geographic space, as the distance of the seed from the parent plant ascertains that progeny is spread over an extended surface. The movement that occurs during seed expulsion relies on sophisticated design mechanisms based on pretension generated through partial dehydration in the fruit wall that is released once certain design features undergo mechanical failure during fruit maturation. Since seed release is a unique, destructive event that does not require a reversion of the organ movement, the mechanism typically relies on tension established through passive drying rather than active, osmotically driven water movement. Fruit opening operating on drying-based pretension combined with structural failure include those of lupin, geranium, and euphorbia.
Hofhuis et al. find that his concept does not apply to the explosive and forceful fruit opening in Cardamine hirsuta, a relative of the model species Arabidopsis thaliana. The fruit of this species explodes while still fully turgid thus raising the question whether hitherto unidentified mechanical principles operate in this species. A combination of structural investigation of tissue and cellular design features, quantitative measurement of fruit explosion through high-speed videography and a variety of conceptually different mechanical modeling approaches spanning multiple size scales is required to study this phenomenon. The researchers find that pretension in the Cardamine fruit is produced by differential contraction of fruit wall tissues through an active mechanism involving turgor pressure, cell geometry and wall properties of the epidermis. The explosive release of this tension is based on a smartly designed, asymmetric deposition of lignin within the cells of the second endocarp layer that is unique and specific to the Brassicaceae plant family. This example of the investigation of a biomechanical mechanism through quantitative assessment from multiple angles and at different length scales illustrates that a comprehensive understanding of complex behavioral traits requires a multidisciplinary approach.
